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PREFACE 


Authority  for  conducting  the  research  described  in  this  report  is  contained  in  the  Science  and 
Technology  Objectives  Guide,  82-3:2,  -3:11. 

Tests  were  conducted  during  November  and  December  1981  in  the  POL  Test  Facility. 
MERADCOM,  Fort  Belvoir,  Virginia. 

The  work  was  conducted  under  the  supervision  of  M.  E.  LePera,  Chief,  Fuels  and  Lubricant  ! 
Division. 

The  following  MERADCOM  personnel  participated  in  the  test  program: 


William  R.  Williams,  Chemical  Engineer. 
William  J.  Johnston,  Engineering  Technician. 
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EVALUATION  OF  THE  PERFORMANCE  OF 


FILTER  SEPARATORS  WITH  GASOHOL 

I.  INTRODUCTION 

1.  Subject.  This  report  covers  performance  tests  on  a  Military  Standard  Filter  Separator 
using  regular  unleaded  gasoline  and  regular  unleaded  Gasohol. 

2.  Background.  The  Army  Gasohol  program  was  initiated  in  late  1979  to  determine 
the  effects  of  using  Gasohol  in  place  of  gasoline  on  the  performance  of  Armv  vehicles  and 
ground  support  equipment.  Later,  the  program  was  extended  to  include  fuels-handling  equip¬ 
ment.  collapsible  tanks,  and  fiiter  separators. 

Filter  separators  are  primarily  designed  to  remove  suspended  water  and  solids 
from  aircraft  fuels  (turbine  fuel  and  aviation  gasoline).  They  are  mandatory  for  use  in  the 
refueling  of  aircraft.  They  are  also  recommended  for  use  with  ground  fuels — diesel  fuel  and 
motor  gasoline.  Their  effectiveness  with  gasoline  has  been  determined  to  a  limited  degree,  hut 
no  data  exist  with  Gasohol. 


II.  INVESTIGATION 

3.  Teat  Facility.  The  test  facility  consists  of  a  nominal  20-gal/min  pumping 
loop  capable  of  operation  on  a  recirculating  basis  or  on  a  single-pass  basis.  A  schematic  of  the 
pumping  loop  is  shown  in  the  figure  on  ihe  following  page.  In  general,  the  test  facility  is 
similar  to  that  described  in  Military  Specification  MIL-F-8901,  “Filter  Separator,  Liquid  Fuel 
and  Filter  Coalescer  Elements,  Fhiid  Pressure:  Inspection  Requirements  and  Test  Procedure 
For.”  Two  3000-gal  cylindrical  tanks  serve  as  feed  and  receiving  tanks.  A  centrifugal  pump 
circulates  fuel  from  one  tank  to  the  other  or  within  a  single  tank.  A  20-gal/min  Military  Stan¬ 
dard  Filter  Separator  contains  a  single  DOD  standard  coalescer  element  as  the  test  item.  Water 
is  injected  into  the  fuel  stream  just  ahead  of  the  centrifugal  pump  creating  a  water-in-fuel 
emulsion  which  represents  the  influent  io  the  filter  separator.  Solids  are  injected  using  a  solids 
feeder  coupled  to  a  positive  displacement  (Moyno)  pump.  Appropriate  gauges  measure  fuel 
temperature  and  pressure  drop  across  the  filter  separator.  Water  level  in  the  effluent  is 
measured  by  a  flow-type  turbidimeter  (Keene  Model  861  B)  calibrated  to  read  sus[>enried  water 
over  the  range  of  0  to  5000  p/m.  A  sampling  port  just  downstream  of  the  filter  separator  is 
equipped  for  the  collection  of  bottle  samples  and  for  the  attachment  of  Millipore  monitoring 
equipment  for  determination  of  solids  level  and  fiber  count.  A  clean-up  filter  separator  is  used 
to  remove  any  residual  water  or  solids  that  may  have  passed  through  the  test  filter  separator.  A 
heat  exchanger  controls  fuel  temperature  to  within  plus  or  minus  5  degrees.  The  high  volatility 
and  flammability  of  the  gasoline  and  Gasohol  necessitated  special  safety  precautions  in¬ 
cluding  the  use  of  a  nitrogen  purge  system  to  evacuate  air  from  the  filter  separator  prior  to 
pressurization. 
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Tasting  loop. 


4.  Filter/Coalescer  Elements.  The  filter/coalescer  elements  used  in  the  tests 
conform  to  the  requirements  of  Military  Sjiecifications  MIL-F-8901  and  M1L-F-52308  and  are 
standard  DOD  items  listed  under  NSN  4330-00-983-0998.  The  test  elements  were  from  Lot  No. 
168-79.  manufactured  by  Banner  Filters. 

5.  Test  Fuels.  Approximately  1600  gal  of  regular  unleaded  gasoline  was  procured  from 
the  Fort  Belvoir  Motor  Pool.  This  fuel  met  the  requirements  set  forth  in  Federal  Specification 
W-G  1690.  Prior  to  use,  the  gasoline  was  circulated  through  a  filter  separator  for  several 
hours  to  remove  any  residual  water  or  solids.  After  the  tests  with  gasoline  were  completed,  the 
fuel  wa9  made  into  Gasohol  hv  the  addition  of  10  percent  ethanol.  The  ethanol  has  been 
rendered  completely  denatured  with  gasoline  and  had  a  minimum  purity  of  199+  proof.  The 
ethanol  met  the  requirements  set  forth  in  the  Code  of  Federal  Regulations  Booklet  27  CFR  212. 
Mixing  was  accomplished  by  use  of  the  circulating  pump  for  approximately  2  h.  The  mixed 
product  was  analyzed  for  ethanol  level  and  found  to  be  within  the  standards  set  forth  in 
Military  Specification  MIL-G-53006. 

6.  Test  Contaminants.  Water  injected  in»o  the  fuel  during  the  test  was  supplied  by  the 
Fort  Belvoir  water  utility  system.  Prior  to  use,  the  water  was  filtered  to  a  residual  solids  level  of 
less  than  1  mg/1.  Solid  contaminant  was  finely  divided  red  iron  oxide  (Fe20.()  obtained  from 
Fisher  Scientific  Company  (Cat.  No.  1-116). 

7.  Test  Procudures.  The  tests  described  in  the  following  paragraphs  were  based  upon 
those  descried  in  Military  Specification  MIL-F-8901.  Some  modifications  were  necessary  to 
accommodate  the  unique  properties  of  the  fuel  and  the  fact  that  only  one  test  element  was  used 
instead  of  two.  All  tests  were  performed  first  with  gasoline  and  then  with  Gasohol.  Most  tests 
were  performed  with  the  fuel  being  recirculated  continuouslv  within  a  single  tank  as  the  fuel 
was  not  changer!  as  a  result  of  the  tests  and  the  clean-up  filter  separator  ensured  that  any 
residual  contaminants  were  removed.  For  those  tests  involving  water  injection  into  Gasohol, 
however,  the  fuel  was  allowed  to  make  only  a  single  pass—  from  one  tank  to  the  other.  It  was 
thought  that  there  might  l>e  some  leaching  out  of  ethanol  as  a  result  of  the  water  injection  so 
that  make-up  ethanol  might  have  to  1*  added  to  the  receiving  tank  at  the  end  of  the  test. 

a.  Differential  Pressure  and  Media  Migration  Test.  This  test  measured  pressure 
drop  under  normal  operating  conditions  (no  addition  of  contaminants)  and  the  number  of 
fibers  in  the  effluent.  The  fil>er  count  was  an  indication  that  the  fiberglass  of  the  coalescer  ele¬ 
ment  was  l>eing  degraded  by  the  action  of  the  fuel.  Fiber  count  was  measured  by  a  Millipore 
0.8.  )i  membrane  with  an  imprinted  grid. 
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b.  Red  Iron  Oxide,  Dry.  Thin  test  measured  the  ability  uf  the  filter  element  to  filter 
out  solid  particles.  The  same  filter  element  used  in  the  Differential  Pressure  and  Media  Migra¬ 
tion  Test  was  used  ir,  this  test.  Red  iron  oxide  was  injected  at  a  fixed  rate  and  at  a  fixed  fuel 
flow  rate  for  70  min  or  until  a  pressure  drop  of  75  ll>/in.*g  was  obtained.  Measurements  were 
made  of  pressure  drop,  temperature,  and  solids  level  in  the  effluent.  Solids  level  was  measured 
by  using  a  Miilipore  0.8  /i  Matched  Weight  Monitor. 

c.  Water  Removal.  The  water  removal  test  was  a  1-h  test  with  new  filter  elements 
installed.  During  the  first  30  min.  water  was  injected  at  the  rate  of  0.5  percent;  the  second  30 
min,  water  was  injected  at  the  rate  of  5.0  percent.  Pressure  drop  and  temperature  were  re¬ 
corded.  Water  level  in  the  effluent  was  measured  with  a  turbidimeter  and  by  volumetric 
analysis  of  bottle  samples.  In  addition,  the  w  ater  separated  by  the  filter-separator  was  collected 
and  its  volume  measured  and  compared  with  the  total  volume  of  water  injected  to  calculate  the 
percent  separated. 

d.  Post  Environmental.  This  was  a  modified  water  removal  test  using  new  filter 
elements  that  had  l>een  presoaked  in  the  test  fuel  for  72  h  prior  to  testing.  After  soaking,  the 
filter  elements  were  examined  for  deterioration,  elastomeric  swelling,  etc.  The  test  required 
water  injection  at  the  rate  of  0.5  |K*roent. 

III.  DISCUSSION 

8.  Discussion  of  Results.  Test  data  are  shown  in  Tables  1  through  4,  comparing 
gasoline  and  Gasohoi  results.  Significance  of  the  test  results,  test  by  test,  is  as  follows: 

a.  Differential  Pressure  and  Media  Migration.  Little  significant  differences  in  the 
differentia)  pressures  were  noted.  The  higher  fil>er  count  for  Gasohoi  may  indicate  that  the 
alcohol  was  causing  some  filter  element  deterioration,  possibly  due  to  a  solvent  action  on  the 
internal  sealants. 

b.  Red  Iron  Oxide,  Dry.  While  sample  analyses  were  scattered,  examination 
of  the  filter  elements  and  the  pressure  drop  data  dearly  indicates  that  Gasohoi  tends  to  en¬ 
courage  solids  removal.  The  Gasohoi  filter  element  showed  red  iron  oxide  caked  on  its  inside 
periphery;  the  gasoline  element  had  red  iron  oxide  bleeding  throughout  its  diameter.  Likewise, 
the  high-pressure  drop  for  Gasohoi  was  caused  by  the  largr  quantity  of  so».ils  retained  by  the 
element.  It  is  thought  that  the  aleohol  in  the  Gasohoi  counteracted  the  surfactant  action  of  the 
detergent  additives  in  the  gasoline.  The  surfactant  tended  to  surround  each  microscopic  solid 
particle  preventing  agglomeration  and  retention  on  the  fiber  bed  of  the  filter. 
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Table  2.  Test  Series  II 


Te*t:  Red  Iron  Oxide,  Dry,  baaea  on  MIL-F-8901;  pan  4J.3.7. 
Fffltei  Element:  Banner  Lot  168-79. 
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NOTtS: 

Test:  Water  Removal,  based  on  M1L-F-8901,  Para  4.4.3.8. 
Filter  Element:  Banner  Lot  168-79. 


Test  Fuel:  Gasoline,  Automotive,  Test  Fuel:  Gasohol,  Automotive, 


NOTES: 

Test:  Past  Environmental  Water  Removal  Teat,  baaed  on  MlL-F-8901,  para  4.4.3.17. 
Filter  Element:  Banner  Lot  168-79. 
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c.  Water  Removal.  The  differences  Itetween  gasoline  and  Gasohol  in  this  lot 
are  diamatic.  The  gasoline  test  demonstrated  that  the  filter  separator  was  coalescing  the 
suspended  water  droplets.  The  effluent  water  level  indicated  that  gasoline  was  less  effective 
than  turbine  fuel  hut  more  effective  than  diesel  fuel  in  its  ability  to  effect  water  coalescence. 
There  is  no  evidence  that  anv  coalescence  took  place  with  Gasohol.  Instead,  the  filter  separator 
appeared  to  act  as  a  contactin':  column.  The  injected  water  caused  separation  of  the  Gasohol 
into  phases:  a  fuel  rich  phase  and  an  ethanol-rich  phase.  The  lower  phase— the  ethanol-rich 
phase — was  continuously  drained  off  the  bottom  of  the  filter  separator.  This  phase  was  found 
to  be  mostly  gasoline  with  some  ethanol  and  water.  The  upper  or  fuel-rich  phase  passed  into 
the  effluent  after  it  had  Iwen  strip|>ed  of  much  of  its  ethanol.  It  also  contained  large  quantities 
of  suspended  water.  The  lower  prt  jure  drop  experienced  with  the  Gasohol  was  another  indica¬ 
tion  of  the  lack  of  any  real  coalescence.  Much  of  the  water  passed  through  the  effluent  and  got 
back  to  the  receiving  tank  where  it  caused  separation  of  about  1700  gal  of  Gasohol;  only  after 
several  decantations  was  some  of  the  fuel  saved. 

d.  Post-Environmental  Water  Removal.  This  test  turner!  out  to  lie  a  repetition 
of  the  Water  Removal  Test.  The  governing  factor  was.  once  again,  the  huge  quantity  of  water 
in  the  Gasohol  effluent;  the  environmental  factor  could  not  be  evaluated. 

IV.  CONCLUSIONS 

9.  Conclusions.  Based  upon  the  results  obtained,  it  is  concluded  that: 

a.  Gasohol  may  have  some  deleterious  effects  on  the  integrity  of  filter  coalescer 
elements. 

b.  Filter  separators  show  improved  solids  removal  ability  when  tested  with  Gasohol 
over  thr»se  tested  with  gasoline. 

c.  No  effective  coalescence  of  water  from  Gasohol  can  be  accomplished. 

d.  Filter  separators  are  not  recommended  for  use  with  Gasohol  except  when  the  fuel  is 
dry  and  contains  a  high-solids  level. 
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ATTN:  DRXSY-CM 
Aberdeen  Proving  Ground,  MD 
21005 

1  Director 

US  Army  Materiel  Systems  Analysis 
Agency 

ATTN:  DRXSY-MP 
Aberdeen  Proving  Ground,  MD 
21005 

1  Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  DRDAR-TSD-S  (STINFO) 
Aberdeen  Proving  Ground,  MD 
21005 

1  Director 

US  Army  Engineer  Waterways  Experiment 
Station 

ATTN:  Chief,  Library  Br,  Tech  Info  Ctr 
Vicksburg,  MS  39180 
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1  Commander 

US  Army  Armament  Research 
and  Development  Command 
ATTN:  DRDAR-TSS.  No.  59 
Dover,  NJ  07801 

1  Commander 

US  Army  Troop  Support  and 
Aviation  Materiel  Readiness  Cmd 
ATTN.  DRSTS-MES  (1) 

4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 

2  Director 

Petrol  &  Fid  Svc  Dept 
US  Army  Quartermaster  School 
Fort  Lee,  VA  23801 

1  Commander 

US  Army  Electronics  Research 
and  Development  Command 
Technical  Library  Division 
ATTN:  DELSD-L 
Fort  Monmouth,  NJ  07703 

1  President 

US  Army  Aviation  Test  Board 
ATTN:  STEBG-PO 
Fort  Rucker,  AL  36360 

1  US  Army  Aviation  School  Library 
P.O.  Drawer  O 

Fort  Rucker,  AL  36360 

2  HQ,  193D  Infantry  Brigade  (Pan) 
ATTN:  AFZU-FE 

APO  Miami  34004 

2  Special  Forces  Detachment,  Europe 

ATTN:  PBO 
APO  New  York  09050 


2  Engineer  Representative 

USA  Research  &  Standardization 
Group  (Europe) 

Box  65 
FPO  09510 

1  Commander 

Rock  Island  Arsenal 
ATTN:  SARRI-LPL 
Rock  Island,  II.  61201 

1  HQDA 

ODCSLOG 
DALO-TSE 
Room 1E588 

Pentagon,  Washington,  DC  20310 

1  Plastics  Technical  Evaluation  Center 

ARRADCOM,  Bldg  3401 
ATTN:  A.M.  Anzalone 
Dover,  NJ  07801 

1  Commander 

Frankford  Arsenal 

ATTN:  Library,  K2400.-B  15 1-2 

Philadelphia,  PA  19137 

1  Commandant 

US  Army  Engineer  School 
ATTN:  ATZA-CDD 
Fort  Belvoir,  VA  22060 

1  President 

US  Army  Airborne,  Communications 
and  Electronics 
ATTN:  STEBF-ABTD 
Fort  Bragg,  NC  28307 

1  Commander 

Headquarters,  39th  Engineer 
Battalion  (Cbt) 

Fort  Devens,  MA  01433 


II 


No.  Copies  Addressee 


No.  Copies  Addressee 


1  President 

US  Army  Armor  and  Engineer  Board 
ATTN:  ATZK-AE-PD-E 
Fort  Knox,  KY  40121 

1  Commander  and  Director 

USAFESA 
ATTN:  FESA-TS 
Fort  Belvoir,  VA  22060 

1  Director  US  Army  TRADOC 

Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Tech  Lib) 

White  Sands  Missile  Range,  NM  8S002 

1  HQ,  USAEUR  A  Seventh  Army 

Deputy  Chief  of  Staff,  Engineer 
ATTN:  AEAEN-MT-P 
APO  New  York  09403 

1  HQ,  USAEUR  A  Seventh  Army 

Deputy  Chief  of  Staff,  Operations 
ATTN:  AEAGC-FMD 
APO  New  York  09403 

MERADCOM 

1  Commander,  DRDME-Z 

Tech  Dir,  DRDME-ZT 
Assoc  Tech  Dir,  DRDME-H 
Principal  Dir  For  Readiness, 

DRDME-K 

Chief  Scientist,  DRDME-S 
Chief  Engineer,  DRDME-E 
CIRCULATE 

1  C,  Combined  Arms  Spt  Lab,  DRDME-X 
C,  Engr  Spt  Lab,  DRDME-N 
C,  Engr  Svc  Spt  Lab,  DRDME-E 
C,  Log  Spt  Lab,  DRDME-G 
Dir,  Prod  AAT  Dir,  DRDME-T 
CIRCULATE 


10  Materials,  Fuels,  and  Lubricants  Lab, 
DRDME-V 

30  Fuels  and  Lubricants  Div,  DRDME-VF 
3  Tech  Rpts  Ofc.  DRDME-WP 
S  Security  Ofc  (for  liaison  officers), 

DRDME-S 

1  Pub  Affairs  Ofc,  DRDME-I 
I  Ofc  of  Chief  Counsel,  DRDME-L 

Department  of  the  Navy 

1  Director,  Physics  Program  (42 1 ) 

Office  of  Naval  Research 
Arlington,  VA  22217 

2  Commander,  Naval  Facilities  Engr 

Command 

Department  of  the  Navy 
ATTN:  Code  032-B 
062 

200  Stovall  St 
Alexandria,  VA  22332 

!  US  Naval  Oceanographic  Office 

Navy  Library/NSTL  Station 
Bay  St.  Louis,  MS  39522 

1  Library  (code  L08A) 

Civil  Engineering  Laboratory 
Naval  Construction  Battalion  Center 
Port  Hueneme,  CA  93043 

1  Director 

Earth  Physics  Program 
Code  464 

Office  of  Naval  Research 
Arlington,  VA  22217 

1  Naval  Training  Equipment  Center 

ATTN:  Technical  Library 
Orlando,  FL  32913 
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Department  of  the  Air  Force 

I  HQ  USAF/RDPT 

ATTN:  Mr,  Allan  Eaffy 
Washington.  DC  20330 

1  HQ  USAF/LEEEU 

Chief,  Utilities  Branch 
Washington,  DC  20330 

l  US  Air  Force 

HQ  Air  Force  Engineering  and 
Services  Center 
Technical  Library  FL  7050 
Tyndall  AFB,  FL  32403 

1  Chief,  Lubrication  Br 

Fuels  &  Lubrication  Div 
ATTN.  AFWAL/POSL 
Wright-Patterson  AFB,  OH  45433 

1  Department  of  Transportation 

Library,  FOB  10A,  M494-6 
800  Independence  Ave,  SW 
Washington,  DC  20591 

Others 

1  Professor  Raymond  R.  Fox 

School  of  Engineering  and 
Applied  Science 
George  Washington  University 
Washington,  DC  20052 

1  Reliability  Analysis  Center 

Rome  Air  Development  Center 
RADC/RBRAC  (I.  L.  Krulac) 
Griffiss  AFB,  NY  13441 
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